Introduction: Mouth breathing can affect the functions of the respiratory systems and quality of life. For this reason, children who grow up with this stimulus may have implications on physical and psychological aspects at adult age. Objective: To evaluate childhood mouth-breathing consequences for the ventilatory function and quality of life at adult age. Materials and methods: Prospective, observational and crosssectional study with 24 adults, between 18 and 30 years old, mouth breathers during childhood, comprised the childhood mouth-breathing group (CMB). The childhood nasal-breathing (CNB) group was composed of 20 adults of the same age, without history of respiratory disease during all their lives. Measurements of maximal respiratory pressures, peak expiratory flow and 6-minute walk test were assessed. In addition, all the volunteers answered the Short Form-36 questionnaire (SF-36). Results: The maximal inspiratory (p =
Introduction
As people age, adults have nasal respiratory mode, as neonates (1) . Mouth-breathing may become predominant in childhood, raising consequences for the respiratory system and life quality (2, 3) . This may occur due to tonsillar hypertrophy, nasal mucous membrane allergic edema and septal deviation, that increase the respiratory airway resistance (4, 5, 6, 7) . It is possible that the severity of the obstruction has higher impact in the consequences of the mouth breathing, regardless it's a etiology, however few studies demonstrated this (8, 9) .
Breathing is a process that involves neural, chemical and muscular components and has as the main agents the diaphragm, intercostal and abdominal muscles (10, 11) . Mouth-breathing children present abnormal use of the breathing muscles, what can be associated with the muscular fatigue (10) . Besides, studies have shown a decrease of the maximal inspiratory pressure and thoracic mobility in mouth breathing children (2, 7) .
One study found in the literature evaluated the lung function to verify the effectiveness of the physiotherapy intervention consisted by postural correction and respiratory reeducation with stretching of inspiratory accessory muscles and abdominal muscles reinforcement (12) . The authors observed the diaphragmatic ventilatory pattern in 43% and 86% and, normal lung function in 21% and 57% of children, before and after treatment, respectively. The results confirmed that there are changes in mouth breathers' lung function that should be treated and, periodic evaluations were suggested due to the risk of obstructive condition recurrence (12) .
Asthma, rhinitis and oral breathing provoke not only respiratory, but also behavioral and functional impairments that affect directly the quality of life (13) . There is a negative impact on learning, cognitive ability, memory and psychosocial relationships (3). Neiva et al. (14) did not find differences regarding the quality of life assessed in mouth and nasal breathing children. Although, the quality of life assessment is too subjective, it is essential for the health and symptoms of allergic rhinitis, enlarged adenoids or tonsils, obstructive deviation of the nasal septum and nasal polypus; absence of asthma and other obstructive or restrictive lung disease. Data were collected through a questionnaire containing complete history on the presence of respiratory illnesses in childhood and adolescence.
Subjects with signs of neurological problems, craniofacial malformation and cognitive disturbances were excluded.
Procedures
An anamnesis and quality of life assessment by the Medical Outcomes Study 36-Item Short-Form Health Survey (SF-36) were carried out. This questionnaire is composed of 36 items and 8 different domains, such as: functional capacity, physical aspects, pain, health general status, vitality, social aspects, emotional aspects and mental health. The score is from 0 (worse health status) to 100 (best health status) for each domain. The volunteers were instructed to carefully read the questionnaire and answer questions addressing to the research if necessary.
Assessments of inspiratory (IMP) and expiratory (EMP) maximal pressure, peak expiratory flow, inspiratory capacity and functional exercise capacity measured by the Six-minute Walk Test (6MWT) were carried out in both groups.
The respiratory pressures were measured in seated position, by a manometer (Globalmed ® ) with a scale ranging from -150 to 150 cmH 2 O adapted to a plastic mouthpiece with 2mm opening to prevent oral pressure (17) . The IMP was obtained during a forced inspiration from residual volume and the EMP was obtained from the total lung capacity. Due to the variability related to gender and age, a percentage of the predicted value was calculated (18) .
The peak of expiratory flow was measured by portable equipment (Assess ® ) and the volunteer was oriented to breathe deeply and after, exhale as fast and strong as possible through the mouthpiece. The mean value of three measures was considered and the difference among them could not be more than 40 l/min. The predictive value percentage for Brazilian people was calculated by Pereira (19) , considering gender, height and age.
A volumetric incentive spirometer with a scale from 0 to 5000 ml (Voldyne ® ) measured the inspiratory promotion practice, mainly when related to chronic diseases (15) .
Considering that mouth-breathing alterations can be progressive and the therapeutic intervention during childhood could not be enough addressed to all these changes (16) , it is important to verify their consequences at adult age. However, this respiratory mode impact is still not much investigated in adulthood.
The purpose of this research is to compare the maximal respiratory pressures, peak expiratory flow, inspiratory capacity, the functional exercise capacity and the quality of life of adults with clinical diagnose of mouth-breathing children and the healthy ones.
Materials and methods
The research was carried out in the Federal University of Santa Maria and is part of a larger project entitled "Characterization, evaluation and integrated therapy of orofacial motor disorders and body posture". It was approved by Ethics Committee of Federal University of Santa Maria, under the protocol number 0220.0.243.000.08. All volunteers agreed to take part in the study by signing a written consent form.
Subjects
Data were collected from mouth breathing children's records, evaluated in the Service of Speech Therapy Assistance of Federal University of Santa Maria from 1998 to 2003. The inclusion criteria were: age between 18 and 30 years old; both genders; clinical manifestations of mouth breathing in childhood, treated or not, such as: snoring, drooling on the pillow, mouth open most part of the day and/or during sleep, according the patients' record. Additionally, the presence of etiological factors, such as allergic rhinitis, enlarged adenoids or tonsils, obstructive deviation of the nasal septum and nasal polypus was considered. Thereby, the childhood mouth-breathing group (CMB) was composed of 24 adults, clinically diagnosed with mouth-breathing during childhood by speech therapy staff.
The childhood nasal breathing group (CNB) was composed of 20 adults of the same age, without history of respiratory disease during all their lives. The inclusion criteria considered was: absence of signs
Results
The evaluation procedures were carried out in 44 subjects, 24 of the CMB, 9 men and 15 women and, 20 of the CNB, 3 men and 17 women. There was no difference between the groups regarding gender (p = 0.264). The groups were also uniform concerning the age and Body Mass Index (BMI) ( Table 1) .
The CMB individuals previously underwent surgical treatment (46%), adenoidectomy and/or amygdalectomy in nine patients (38%) and septoplasty in two (8%). They were also treated with speech therapy (54%), orthodontic treatment (67%) and postural physical therapy (17%). Only one of the 24 subjects did not receive any type of treatment.
According to the otorhinolaryngologic and speech therapy assessments, the oral and oronasal respiratory mode was still present in 30% and 55% of the participants in the CMB group, respectively, and only 15% of them presented nasal breathing.
The maximal inspiratory and expiratory pressures were lower in the CMB compared to the CNB (Table 1) .
During the Six-minute walk test, all volunteers from both groups presented oxygen saturation from 97 to 100% before and after the test. The distance walked was significant shorter (p = 0.003) in the CMB compared to the CNB ( Table 2) .
The results of the eight domain of the SF-36 questionnaire demonstrated a lower score in the general health status domain in the CMB (Table 3) . Out of 24 CMB volunteers, 20 fulfilled this instrument.
capacity, while the volunteer inspired at maximal effort from normal expiration, in seated position. The mean value of three measures was also considered.
The six-minute walk test was carried out according to the American Thoracic Society guidelines (20) : a six-minute walk in a closed and linear passage, on a smooth and 24 meter-length floor. All the assessments were performed at the same location and climatic conditions. The measures of respiratory rate, heart rate and oxygen saturation were verified by a pulse oximeter and a chronometer. The performance of each volunteer was expressed by the total distance walked in meters during six minutes.
Otorhinolaryngologic and speech therapy assessments were carried out in order to characterize the current respiratory mode and obstructive problems of the study group.
Data analysis
The data were analyzed by the STATISTCA 9.0 (Statistica for Windows -release 9.0 Stat Soft) and PASW 17.0 software. The Lilliefors test verified the normal distribution of the variables. The differences between the groups were analyzed by the Student t and Chi-square tests for age and gender, respectively. The comparison between the variables of the study and control groups was carried out by the Student t test. The U Mann-Whitney test analyzed the results of the quality of life questionnaire. The significance level was set at 5% (p < 0.05). 
Discussion
Mouth-breathing (MB) is a substitute respiratory mode and consists of a mechanically incorrect form of respiration. It has a multifactor etiology and multiple consequences (6, 14, 21) . However, studies describing the features of the respiratory system and the quality of life of adults -diagnosed as mouth breathers in childhood -were not found.
Despite the oral breathing participants received treatment during childhood, a high percentage of them currently present oral and oronasal breathing (85%), suggesting that surgical treatment and short-term results of other treatments seem not to be enough to avoid long-term consequences and to reestablish the nasal respiratory mode. Therefore, the results obtained in these subjects should be attributed not only the childhood mouth breathing but also their current respiratory mode, that is, oral or oronasal.
It should be reinforced that physical therapy was the least treatment received by the participants. The physical therapy intervention consisted by postural correction and respiratory reeducation with stretching of inspiratory accessory muscles and abdominal muscles reinforcement may contribute to reduce the work of cervical muscles during the inspiration. Thereby, decreasing the respiratory effort by the of asthma symptoms (27) . The occurrence of asthma was not reported by the subjects of the present study, what may explain the lack of difference in the peak of expiratory flow values between the groups.
There was no difference in the respiratory rate, heart rate and the oxygen saturation before and after the walk test in both groups. A shorter walk distance was verified in the CMB. The mean walked distance was 572 ± 51 meters in the CMB and 615 ± 35 meters in the CNB. This finding is according to study who found a mean walked distance of 615,77 ± 83,87 meters for 21 sedentary healthy subjects of both genders, 20 to 40 years old (28) . The higher the airflow limitation is the lower the tolerance to physical exertion (29) .
It must be pointed that mouth breathing is frequently associated with asthma and these ventilatory changes could be found in asthmatic subjects. Hallani et al. (30) have stated that an increase in nasal resistance and sensitivity to nasal loading may increase the susceptibility of asthmatic subjects to switch from nasal to oral breathing. In the present study, the subjects did not present previous or current history of asthma, what excludes this confounding factor in the modifications of the ventilatory function observed in the CMB.
Due to physical and psychological changes, the mouth breathing negatively influences the quality of life (14) . However, these authors obtained similar results in the quality of life assessed by the AUQEI questionnaire (Autoquestionnaire Qualité de Vie Efant Imaginé) in mouth and nasal breathing children. The authors justified such results because mouth-breathing is not realized by the child or family member as a limiting medical condition. The SF-36 questionnaire is the recommended instrument to evaluate the health status in adults with allergic rhinitis (31) . Additionally, despite the learning, cognition and the professional performance impairments, health professionals do not recognize the impact of the allergic rhinitis and mouth breathing on quality of life (32) .
In the present research, only the scores of the general health status domain in the SF-36 questionnaire were lower in the CMB. One study evaluated the impact of the asthma and rhinitis on women and men's quality of life obtaining worse scores in all domains of the SF-36 questionnaire in women compared to men from 16 to 49 years old. Additionally, patients with rhinitis from both sexes presented worse scores in most domains compared to a control group (33) . improvement of the diaphragmatic ventilatory pattern (12) . A Physical Therapy Program with stretching and strengthening exercises on the SwissBall, in combination with breathing exercises and directed movements to restore postural alignment, through stretching of the anterior muscles and strengthening of the posterior muscles of the trunk decreased the recruitment of the inspiratory accessory muscles during nasal inspiration (22) .
Ribeiro et al. (23) found an increase of the acessory inspiratory muscles' activity, that is, sternocleidomastoid and upper trapezius, in mouth breathing children compared to the nasal ones during relaxed position. Such results were attributed to the body posture and consequent muscular unbalance. A higher inspiratory effort in mouth breathers demands the accessory inspiratory muscles recruitment probably due to the lower inspiratory strength.
In the present research, adults who were mouthbreathing diagnosed during childhood, presented lower respiratory maximal pressures compared to the control group. These results were similar to Okuro et al. (24) that also verified lower values of the respiratory maximal pressures in a group of mouth breathing children. These authors suggest that this decrease in the respiratory muscular strength may be related to the head posture changes consequential to the mouth breathing. A misaligned posture may affect respiratory muscles' length, reducing its strength. A more forward head posture was found by Milanesi et al. (25) in adults diagnosed with mouth breathing during childhood, suggesting that the alterations resulting from this breathing mode may perpetuate at adult age. So it seems that oral breathing leads to an abnormal use of the respiratory muscles and in the presence of an upper airway obstruction; breathing becomes difficult which can result in fatigue of these muscles (13) .
It should be clarified that, in this research, both groups presented values of the maximal respiratory pressures lower than the predictive values (18) . Even so, these values were significantly lower in the CMB compared to the CNB.
There was no difference between groups in the peak of expiratory flow and the inspiratory capacity. A greater respiratory work seems to be more evident when the mouth breathing is associated with respiratory diseases as asthma or allergic rhinitis (26) . The peak of expiratory flow assessment is better recommended to the clinical and functional control Conversely, it was related that diseases as asthma, rhinitis and mouth breathing produce not only respiratory, but also behavioral and functional impairments that affect directly the quality of life (32) .
These findings demonstrated the necessity of interdisciplinary intervention, including the respiratory muscular retraining and improvement of the exercise tolerance, not only in childhood but also throughout adult age. Further studies are necessary to investigate the same and other aspects related to the mouth breathing implications.
Conclusion
As a conclusion, this study presents important evidences that childhood mouth-breathing yields consequences for the ventilatory function at adult age, with lower respiratory muscle strength and functional exercise capacity. On the other hand, the quality of life was little affected by the mouth breathing in this study.
Considering the lack of published studies regarding mouth breathing consequences for several structures and functions of the human body, it is essential to investigate interdisciplinary approach outcomes as well as have a long term follow-up.
